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ABSTRACT
Water is crucial in all aspects of life; therefore, the way in which we treat water directly impacts
our future. Greywater results from humans’ interaction with water in their everyday life, but
what we do with the greywater can have various effects on the environment and us. This study
tests the effectiveness of two primary grey water treatment systems at Los Pinos Hotel and the
Monteverde Institute in Monteverde, Costa Rica. Six sections of each system were tested for a
variety of parameters: temperature, dissolved oxygen, salinity, conductivity, total dissolved
solids, and pH. Although both locations use preliminary and primary treatment systems for their
greywater, the end values of the six parameters varied per site. Los Pinos Hotel had a significant
increase in salinity, conductivity, and total dissolved solids and a significant decrease in
dissolved oxygen. While, the Monteverde Institute had a significant increase in temperature and
a significant decrease in dissolved oxygen and pH. The differences in the results could be due to
the differences in grey water quantity and quality that flow throughout the systems. Los Pinos
Hotel system only treats laundry water; whereas, the Monteverde Institute treats grey water from
their kitchen, bathroom sinks, and showers. The changes in the greywaters from start to end
indicate the effects that Los Pinos and the Monteverde institute have on their environment.
Evaluación de parámetros de aguas grises en sitios de tratamiento en el Instituto
Monteverde y el Hotel Los Pinos
RESUMEN
El agua es crucial en todos los aspectos de la vida; por lo tanto, la forma en que tratamos el agua
impacta directamente en nuestro futuro. Las aguas grises son el resultado de la interacción de los
seres humanos con el agua en su vida cotidiana, pero lo que hacemos con las aguas grises puede
tener diversos efectos en el medio ambiente y en nosotros mismos. Este estudio prueba la
efectividad de dos sistemas primarios de tratamiento de aguas grises en el Hotel Los Pinos y el
Instituto Monteverde en Monteverde, Costa Rica. Analicé seis secciones de cada sistema al
medir una variedad de parámetros: temperatura, oxígeno disuelto, salinidad, conductividad,
sólidos totales disueltos y pH. Aunque ambos lugares utilizan sistemas de tratamiento preliminar
y primario para sus aguas grises, los valores finales de los seis parámetros variaron por sitio. El
Hotel Los Pinos tuvo un aumento significativo en la salinidad, conductividad y sólidos totales
disueltos y una disminución significativa en el oxígeno disuelto. Por otro lado, el Instituto
Monteverde tuvo un aumento significativo en la temperatura y una disminución significativa en
el oxígeno disuelto y el pH. Las diferencias en los resultados podrían deberse a las diferencias en
la cantidad y calidad de aguas grises que fluyen a lo largo de los sistemas. El sistema del Hotel
Los Pinos solo trata el agua de lavandería; mientras que el Instituto Monteverde trata las aguas
grises de la cocina, lavabos y duchas. Los cambios en las aguas grises de principio a fin indican
los efectos que Los Pinos y el instituto Monteverde tienen en el ambiente.
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Water is life. This natural element interacts with all biotic organisms and abiotic objects
on Earth. Water has a key role in the survival, reproduction, and decomposition of life. From
aquatic organisms, whose entire existence is in water, to human beings whose everyday lives
involve water. For thousands of years, humans have manipulated and diverted water to areas
where water does not occur naturally (Sklivaniotis and Angelakis, 2006). This has allowed for
the existence of civilizations that are not directly next to a source of water. However, as human
populations continue to develop, build, and prosper, their water needs continue to increase. As
populations grow, more water needs to be diverted for human use and consumption; therefore,
less water is available to the surrounding ecosystems (Jordan, 2015).
Although a lot of water is taken from the environment, some is returned. This water is not
consumed but rather used. The used water is separated into two categories: grey water and black
water. Grey water is rain water that has encountered human debris or used water from sinks,
showers, and washing machines. Grey water does not contain feces or other human excretory
waste (Jefferson et al, 2004). Black water is any water that has encountered any kind of human
waste or animal feces. In some areas of the world, such as California, water undergoes an
extensive and pricey treatment process before it is distributed to the population. The treatments
can include methods such as bleaching, reverse osmosis, and other processes that make water
potable to a certain set of standards (Walker and Stanford, 2017). In California, grey and black
water is also treated before being returned to the environment, but to different standards than
potable water (Water Education Foundation, 2018).
In Costa Rica, septic tanks are used to hold black water (toilet water) before it is
transferred to a treatment plant. In some rural areas, due to limited space, ticos are advised to
dispose of their grey water directly into their backyards, roads, or rivers to reduce water build up
and prevent leaking in the septic tanks (Jackson, 2017). This disposal method pollutes the
surrounding water sources and environment; as well as, threatens the public health of the
community. When untreated grey water is dumped into the environment, it can alter soil
composition, change pH levels in water or soil, and deposit chemicals into the ecosystems of
other organisms (Morel and Diener 2006). However, besides affecting the environment, grey
water is a water source that can potentially be filtered and reused for potable or non-potable
human use. In Costa Rica, on average, approximately 187 liters of water per day are used by
each person. About 85% of that water becomes greywater and only 4% of that greywater gets
treated (Coler, 2015). Not only would Costa Rica benefit from the potential reuse of grey water,
but so would ecosystems and the half of the world’s population that does not have access to
clean water (Bates, 2014). The more water that is reused, the more that is available for use and
the less that needs to be taken out of the environment.
By Costa Rica’s Ley de Aguas (water law), it is required that all households and
businesses treat their greywater; however, in most places, the law is not enforced, especially for
households (Newell et al, 2005). In theory, this accountability allows Costa Ricans to reduce
their impact on the surrounding flora and fauna. In the Monteverde and Santa Elena area, water
is diverted into these towns from the Cerro Amigos Watershed in the BosquEterno SA
(BosquEterno, 2018). Due to the ecological mission of these towns, a variety of business and
households try their best to abide by the water laws; although, it is more common for businesses,
rather than households, to have a grey water system in place. Certain aspects of the greywater
systems can be similar throughout different sites, but the format usually varies. For example,
biogardens are commonly used to treat grey water. This system uses a variety of plants known to
have water cleaning properties and is set up so that water can flow through the roots of the plants
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and get cleaned as it passes (Appendix A). I was interested in understanding if different
greywater formats impact the results of the greywater, specifically temperature, dissolved
oxygen (DO), salinity, conductivity, total dissolved solids (TDS), and pH. Therefore, I pose the
question, to what extent are the parameters of greywater changing before, during, and after going
through the filtering systems at Los Pinos Hotel and the Monteverde Institute? Answering this
question can help these businesses understand if their greywater systems are abiding by the law,
but more importantly, how they are impacting their surrounding environment.
MATERIALS & METHODS
I tested the temperature, dissolved oxygen (DO), salinity, conductivity, total dissolved
solids (TDS), pH, and grease/soap build up in the grey water throughout the respective treatment
sites to note if these characteristics were changing.
Sites:
The first site, Los Pinos Hotel, utilizes a three-section system to filter the hotel’s laundry
water. The first section is divided into four main parts: (1) a mesh filter that catches solids in the
water; (2) a stagnant area of water where the soap floats to the top and the rest continue below;
(3) a pipe that delivers the water below into a serpentine tank; (4) a set of four switchbacks that
allow the water to separate from the soap at a slower and more thorough rate (Appendix B). The
water then travels to the second section, a biogarden, where water leaks out of two surface tubes
allowing the water to seep down through various layers of sediment and roots that further filter
the water. A pipe then moves the filtered water into a holding tank where the water remains
stagnant as it slowly drains into the garden at Los Pinos. (Appendix C). The first section is
covered by a large mesh top, the pipes of the second section are completely exposed, and the
third section is also only covered by a mesh top. This system is cleaned twice a week. I took
samples at the four parts of the first section, at the water leaking out of the pipes in the second
section, and of the stagnant water in the third section.
The second site, the Monteverde Institute, also consists of a three-section system that
filters their collective grey water from the kitchen sink, bathroom sinks, and showers. Though
the systems are similar, this system is smaller and less exposed to the outside environment. The
first section consists of 3 main parts that deal with only the kitchen water: (1) a mesh filter that
collects solids, (2) a second trench that allows for separation of fats and oils; (3) a third trench
that gives the water more time for separation. The water then exits to a pipe and reaches the
second section where it is mixed with the bathroom grey water. These are two large tanks that
have varying levels of sedimentation that filter the water through (Appendix D). The filtered
water then moves to a two section biogarden before being released to a grass patch at the
Institute. There are vertical pipes at the beginning, middle, and end of both halves of the
biogarden that can be opened to see the amount of water flowing through the biogarden. Most
days, the water did not reach the second half of the biogarden; therefore, I focused on the first
half for my study (Appendix E). The water did not reach the second half due to a low quantity of
water in the system. When there are not many visitors, not enough water flows through the
system to reach the second biogarden. The first section is covered by a metal top, the bins also
have air tight plastic tops, and the pipes of the third section are deep underground. This system is
cleaned once a week. I took samples at the three parts of the first section, at one of the bins from
the second section, and at the first pipe and last pipe of the first half of the biogarden.
Methodology
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Using the YSI 556 Multi-Probe System, a device used to calculate various parameters in
a liquid solution (Appendix F), I tested greywater quality at two sites. From 13- 19 of May 2018,
I visited Los Pinos Hotel (LPH) and the Monteverde Institute (MVI) and tested their greywater
systems for six days, once in the morning between 8-10 AM and once in the afternoon between
2-4 PM. Each time I went, I measured the temperature, dissolved oxygen (DO), salinity,
conductivity, total dissolved solids (TDS), and pH using the YSI. I measured these parameters
because they were specified in the water laws or because they are indicators of the effectiveness
of greywater cleaning system. For the first three days at Los Pinos Hotel, I directly inserted the
YSI into the six various points to collect the data. For the last three days, I collected water
samples using sampling cups that I would fill to the brim, so that the levels of dissolved oxygen
were not affected. I would then pour the samples into another container and use the YSI at the
Monteverde Institute Lab. I made this change because of transportation issues moving the YSI
between the Monteverde Institute and Los Pinos Hotel. For the Monteverde Institute, I tested the
six points directly on site for all six days.
For every point tested, at both locations, I allowed the YSI to calibrate for one minute
before recording the data. Usually, after one minute, the only parameter changing was DO.
Between each test, I rinsed the probe with clean water. Occasionally, I would wipe it down if too
much grease was on it. This was so that the values were not contaminated by the previous ones.
Also, every afternoon for the six days, I took a water sample from the six main areas for both
sites. I would let these samples sit, undisturbed, at the lab for about 24 hours and then I would
measure the band of grease or soap that formed at the top. I measured this to the millimeter and
took note of the clearness of the water (Appendix G).
Statistical Analysis
I statistically analyzed the data using 1-way ANOVA and Tukey Kramer pair-wise
analysis. The data is presented by parameter per site using a Box and Whisker Graph. The pH
plot graphs do not have an average line because averages for pH need to be calculated
differently. An online calculating system was used to get the values. The YSI does not have units
for the salinity values.
RESULTS
Los Pinos Hotel had significant difference in the before and after dissolved oxygen,
salinity, conductivity, and total dissolved solids. The Monteverde Institute had a significant
change in temperature, dissolved oxygen and pH. On average, both the LPH and the MVI had a
visible increase in water visibility from beginning of their systems to the end.
The following Box and Whisker plot graphs include two extremes (the whiskers) that
represent the maximum and minimum values, respectively. The outline of the box represents the
first and third quartile and the inner line represents the median. The outliers are not within the
box. The means are connected with a horizontal line. Bars connected with the same letter are not
significantly different. If no letters are present above the graphs, there was no significant
differences amongst any samples. Each sample for both locations has n=12.
Temperature:
The change in temperature at the Monteverde Institute was significantly higher by the
end of the treatment (Fig 1; F=2.68, df=5, p=0.028) with an initial median of 20.37◦C and a final
median of 21.04◦C. The temperature at Los Pinos did not significantly change by the end with an
initial median of 21.04◦C and a final median of 21.04◦C.
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Figure 1: Monteverde Institute Temperature readings for each sample site for the duration of the
project. Sample F is significantly higher than samples D and E. Sample F is not significantly
different than sample A (F=2.68, df =5, p=0.0276)

Figure 2: Los Pinos Temperature readings for each sample site for the duration of the project.
Samples A-F are not significantly different (F=0.86, df =5, p=0.5)
Dissolved Oxygen:
The change in dissolved oxygen throughout the Monteverde Institute was significantly
lower by the end of the treatment (Fig 3; F=11.49, df=5, p<0.0001) with an initial median of 6.08
mg/L and a final median of 0.26 mg/L. The dissolved oxygen at Los Pinos was also significantly
lower by the end (Fig 4; F=55.30, df=5, p<.0001) with an initial median of 7.79 mg/L and a final
median of 0.78 mg/L.
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Figure 3: Monteverde Institute dissolved oxygen readings for each sample site for the duration
of the project. There are significant differences amongst samples, sample F is significantly lower
than sample A (F=11.49, df=5, p<0.0001)

Figure 4: Los Pinos dissolved oxygen readings for each sample site for the duration of the
project. There are significant differences amongst samples, sample F is significantly lower than
sample A (F=55.30, df=5, p<.0001)
Salinity:
The change in salinity throughout the Monteverde Institute was not significantly different
by the end with an initial median of 0.08 and a final median of 0.10. The salinity at Los Pinos
significantly increased by the end (Fig 6; F=5.59, df=5, p=0.0002) with an initial median of 0.07
and a final median of 0.11.

	
  

Figure 5: The Monteverde Institute salinity readings for each sample site for the duration of the
project. Samples are no significantly different (F=0.51, df=5, p=0.77)
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Figure 6: Los Pinos salinity readings for each sample site for the duration of the project. There
are significant differences amongst samples, sample F is significantly higher than samples
(F=5.59, df=5, p=0.0002)
Conductivity:
The change in conductivity at the Monteverde Institute was not significantly different by
the end of the treatment with an initial median of 153.50 µS/cm and a final median of 196.00
µS/cm. The conductivity at Los Pinos significantly increased (Fig 8; F=5.68, df=5, p=0.0002)
with an initial median of 145.00 µS/cm and a final median of 210.00 µS/cm.

Figure 7: Monteverde Institute conductivity readings for each sample site for the duration of the
project. Samples are not significantly different (F=0.55, df=5, p=0.74)
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Figure 8: Los Pinos conductivity readings for each sample site for the duration of the project.
There are significant differences amongst samples, sample F is significantly higher than sample
A (F=5.68, df=5, p=0.0002)
Total Dissolved Solids:
The change in total dissolved solids at the Monteverde Institute was not significantly
different by the end of the treatment with an initial median of 0.110 g/L and a final median of
0.140 g/L. The total dissolved solids at Los Pinos significantly increased (Fig 10; F=5.82, df=5,
p=0.0001) with an initial median of 0.100 g/L and a final median of 0.150 g/L.

Figure 9: Monteverde Institute total dissolved solids readings for each sample site for the
duration of the project. Samples are not significantly different (F=0.51, df=5, p=0.77)
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Figure 10: Los Pinos total dissolved solids readings for each sample site for the duration of the
project. There are significant differences amongst samples. Sample F is significantly higher than
sample A (F=5.82, df=5, p=0.0001)
pH:
The change in pH throughout the system at the Monteverde Institute was significantly
different (Fig 11; F=4.22, df=5, p=0.002) with a median of 5.29 before the treatment and a
median of 5.31 at the end of the treatment. Whereas the pH at Los Pinos was not significantly
different with a median of 6.29 and 7.47 before the treatment and a median of 6.79 at the end of
the treatment. The grey water became slightly more basic, but not significant enough.

Figure 11: Monteverde Institute pH readings for each sample site for the duration of the project.
There are significant differences amongst sample. Sample F is not significantly different than
sample A (F=4.22, df=5, p=0.0020)
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Figure 12: Los Pinos pH readings for each sample site for the duration of the project. Samples
are not significantly different (F=0.4170, df=5, p=0.8357)
Both sites were within the Costa Rican Law standards for temperature and pH. Both were not
within the law standards for total dissolved solids. The values for both sites do not meet the
standards for drinking water. Both had no significant difference from initial value to final value
in temperature, conductivity and pH (Table 1)

Table 1: Comparing the initial and final values at Los Pinos (LP) and the Monteverde Institute
(MVI) with potable water values and the Costa Rican law standards.
Parameter

Initial
Value
LP

Final
Value
LP

Initial
Value
MVI

Final
Value
MVI

Significance

21.25

Significance Potable Costa
Water Rican
Value
Law
Standard
NO
37
15-40

Temperature
◦C

21.02

20.66

21.16

NO

Dissolved
Oxygen
(mg/L)
Salinity

7.48

0.81

LOWER

0-2

N/A

5.07

0.62

LOWER

0.08

0.11

HIGHER

0

N/A

0.09

0.10

NO

50-500

N/A

176.71 209.77 NO

Conductivity 154.23 213.12 NO
(µS/c m)
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Total
Dissolved
Solids (g/L)
pH

0.11

0.15

HIGHER

<1

<0.05

0.12

0.15

NO

6.29,
7.47

6.79

NO

6-8

5-9

5.29

5.31

NO

There was an overall visible clarity of the water from the initial grey water to the final greywater
after it passed through the filtration systems. At Los Pinos, the water was equally merkier,
clearer, or the same from the beginning of the system to the end. All the samples had similar size
soap/ grease bands and clarity of water (Appendix H). At the Monteverde Institute, the water was
clearer at the end of the filtration system for most of the days. The band of grease/ soap changed
significantly amongst the samples (Appendix I).
Table 2: Giving the description of the first and final water samples for all six days at both
sites. Los Pinos (LP) and The Monteverde Institute (MVI)
Day

LP
initial
grease
size
(mm)

LP
final
grease
size
(mm)

Clearer,
merkier,
the
same

Other
objects
present

MVI
initial
grease
size
(mm)

MVI
final
grease
size
(mm)

Clearer,
merkier,
the
same

Other
objects
present

1

1

1

Same

No

1

1

Clearer

no

2

1

1

Merkier

No

1

0.5

Clearer

no

3

1

1

Merkier

No

1

1

Merkier

No

4

1

1

Same

No

1

1

Clearer

No

5

1

1

Clearer

no

1

0.5

Clearer

Yes

6

1

1

Clearer

No

1

1

Clearer

No

DISCUSSION
Los Pinos Hotel (LPH) and the Monteverde Institute (MVI) both have a filtering system
that includes preliminary treatment and primary treatment. Preliminary treatment includes some
type of filter that focuses on removing large solids such as food scraps, plastic, dryer lint, etc.
Primary treatment aims to reduce residue with grease traps, flotation tanks, biogardens, etc.
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(Arias Zuniga, 2010) I tested six parameters to determine if the greywater was changing when it
entered the system, while it was in the system, and at the end of the system. The temperature at
LPH the temperature was not significantly different; while, the temperature at MVI was
significantly higher at the end of the treatment. Changes in water temperature can be affected by
air temperature, rain water, turbidity, and sunlight (Behar, 1997). Since all sections of the system
at LPH were in some way exposed to the surrounding environment, the ambient temperature
directly interacted with each section, resulting in similar temperature conditions. At the MVI, the
change in temperature did not occur until the second half of the system. The first half of the
system only treats kitchen water, but in the second half, greywater from bathroom sinks and
showers enter the system. The mixture of different greywaters affects the parameters from the
original half, in this case temperature. Also, hot water rises while cold water cools and the last
section had the least amount of water compared to the other five sections (Behar, 1997);
therefore, the lack of more water caused temperature balance to change. Although the system has
another half of biogarden that I did not test, it is likely that the temperature would stay the same
since the conditions are similar or would rise because there would be even less water in the
system. However, all points for both sites were between 19 and 23 degrees Celsius. According to
Costa Rican water laws, treated grey water should have a temperature between 15 and 40 degrees
Celsius, meaning that both system comply with these standards (El manejo de las aguas grises,
2014). Water temperature majorly influences biological activity and growth. The temperature of
a system can determine what kind or organism can grow there (Behar, 1997). In their article,
Water Temperature, The Fondriest Environmental Incorporation (2016) discusses how
temperature alone can affect the metabolic rate of aquatic organisms and a 10◦C increase in
water temperature will approximately double the rate of physiological function. Tropical aquatic
plants are also sensitive to temperature and most require warmer temperatures to flourish
(>21◦C) (Fundamentals of Environmental Measurements, 2016). Even more importantly,
temperature directly affects other parameters of water that together can have a larger impact on a
system.
Warm water holds less dissolved oxygen (DO) which effects the survival of different
aquatic organism (Water Properties: Temperature, 2016). Although LPH did not have an increase
in temperature, it still had an average temperature above 20 ◦C, as did the MVI. This constant
“warm” water resulted in significant decrease in DO levels. A healthy ecosystem requires high
levels of dissolved oxygen for organisms to survive—0-2 mg/L: not enough oxygen to support
life; 2-4 mg/L: only a few fish and aquatic insects can survive; 4-7 mg/L: good for many aquatic
animals, low for cold water fish;7-11 mg/L: very good for most stream fish (Behar, 1997).
However, a few factors can contribute to a decrease in DO. Adding chemicals, raising the
temperature of water, or having a high activity of microbial organisms (e.g. bacteria or algae) can
impact the DO in water (Spietz et al, 2015). The DO at MVI (p<0.0001) started at 6.08mg/L and
ended at 0.26 mg/L. LPH (p<0.001) started at 7.79mg/L and ended at 0.78 mg/L. Therefore, the
end water for both sites does not have enough oxygen to support life. To my knowledge, there is
no Costa Rican water law value for DO levels. Although I did not test for bacterial growth,
according to Spietz, decreasing levels in DO are usually due to bacterial growth (2016).
However, like other organisms, when DO in water depletes, bacteria begin to die. Both sites
introduce their greywater from the end of their systems back into the grassy area around their
biogarden. With such low oxygen levels, the bacteria would not affect the grass where the final
greywater is being deposited.
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Dissolved oxygen is also directly correlated to salinity levels, the lower the dissolved
oxygen concentration, the higher the salinity levels. Salinity is the total concentration of all
dissolved salts in water (Conductivity, Salinity, & Total Dissolved Solids, 2016). This pattern
was more evident at LPH with a significant increase in salinity levels, and less at the MVI where
no significant change was determined. To my knowledge, there is no Costa Rican water law
value for salinity levels. Drinking water and healthy rivers both have salinity levels of zero.
Disposing of water with high salinity levels can cause problems in soil and in water sources. Too
much salt in soil can affect the water uptake of roots, also make the soil prone to erosion, and can
result in salt staying in one area for some time (Rolston et al, 1964). Since both are introducing
the water back into their lawns, over time, a high concentration of salt on the surface can cause
native plants to die and pollute water sources. Similarly, to temperature, organisms can only
survive in certain salt concentrations. However, because neither location is introducing the
greywater directly into a river, this is not an immediate problem. But, if no action is taken,
erosion can lead to the salt being dispersed, especially during rainy season, and eventually
ending up in waterways.
Varying salt concentrations in water directly affect the conductivity in the water, the
higher the salinity the higher the conductivity. Conductivity is the level of concentration of ions
that affects water’s capability to pass an electrical current. High quality deionized water has
a conductivity of about 55 µS/cm at 25 °C, drinking water ranges between 50–500 µS/cm, and
sea water is 50000 µS/cm (i.e., sea water's conductivity is one million times higher than that of
deionized water) (Conductivity, Salinity & Total Dissolved). The data supports this with LPH
having a significant increase in conductivity, while the MVI did not significantly change; which
are directly correlated to the results of salinity. The final median for the MVI was 196.000 µS/cm
and for LPH was 210.00 µS/cm. These results show that they are both within the salt range of
drinking water; however, because the final temperatures for the MVI and the LPH were below
25C then the results could still change. To my knowledge, there is no Costa Rican water law
value for conductivity levels. However, the conductivity for laundry is much higher than for
kitchen and bath grey water (Arias Zúῆiga, 2010), so it is expected for LPH to have a higher
conductivity than MVI. Laundry water has a higher conductivity because detergents have a high
concentration of ions (Nganga et al, 2012), which decreases viscosity—a liquids ability to resist
flow. Viscosity is also directly affected by temperature, an increase in temperature is an increase
in conductivity (decrease in viscosity) because ionic mobility is dependent on viscosity
(Fundamentals of Environmental Measurements, 2016). Levels of conductivity affect soil
composition similarly to salt concentrations.
Salt concentration does not only correlate with conductivity, but also with total dissolved
solids (TDS). TDS are the combination of all ion particles smaller than 2 microns (0.0002 cm)
including those that make up salinity concentration. This includes all the disassociated
electrolytes that make up salinity concentrations (Fundamentals of Environmental
Measurements, 2016). In “clean” water, TDS is approximately equal to salinity. In wastewater or
polluted areas, TDS can include organic solutes (such as hydrocarbons and urea) in addition to
the salt ions (Bakare et al, 2017). This again is directly seen with LPH having a significant
increase in TDS and the MVI not having a significant increase. Total dissolve solids are about
0.5 mg/L for laundry and 3.5 for kitchen. Like conductivity, this drastic change is due to the
chemicals found in detergents. However, by Costa Rican water laws, grey water should have less
than 0.05 mg/L of TDS when released. This strict number is important because the mixture of
ion particles that can contribute to the concentration of TDS can include nitrates, phosphates, and
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hydrocarbons. All three of these ionic particles can cause an increase of bacterial and algae
growth, which is harmful to humans and aquatic organisms (Minnesota Pollution Control
Agency, 2008).
All the above characteristics of water directly affect the pH of a system. However, LPH
did not have a significant change in pH with a final pH of 6.79; while the MVI did have a
significant decrease in pH creating a more acidic final water of 5.31. This is expected because
soaps and detergents often are alkaline and have a PH between 7-8 (Nganga et al, 2012). So, it
makes sense the LPH is more basic than the MVI. The appropriate range by law to be between is
6.5-8.4 which the institute does not meet, but LPH does (Morel and Diener 2006). This could be
due to the higher acidity in foods that are disposed of in the kitchen sink, such as coffee and tea
(2014, Acid/ Alkaline Food Chart). Just like every other parameter, pH directly affects and is
affected by every parameter.
These results show that there is a difference in treating the water. For future studies,
testing other characteristics, such as phosphates and nitrates in the water could give a better
picture of how the grey water is being treated. Also, potentially testing the areas where the
treated grey water is released and comparing it to areas that are not exposed to the water and
observing if a difference can be detected. Overall, being conscious about grey water and the
importance of treating it before reusing or releasing is a step in the right direction. Los Pinos
Hotel and the Monteverde Institute both are doing a great service to their surrounding
environment by taking the initiative in grey water treatment. I recommend Los Pinos Hotel to try
to use biodegradable soaps to increase the effectiveness of their system. I would recommend the
Monteverde Institute to try to balance the water that passes through their system to ensure an
effective outcome.
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Appendix:

Appendix A: An example of a biogarden outline. A pretreatment system usually is placed before
the water enters the biogarden. The pretreatment system, the plants used, and size can vary.

Appendix B: The first part of the grey water system at Los Pinos Hotel: 1) a mesh filter that
catches solids in the water; (2) a stagnant area of water where the soap floats to the top and the
rest continue below; (3) a pipe that delivers the water below into a serpentine tank; (4) a set of
four switchbacks that allow the water to separate from the soap at a slower and more thorough
rate.
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Appendix C: Biogarden, where water leaks out of two surface tubes allowing the water to seep
down through various layers of sediment and roots that further filter the water. Holding tank
where the water remains stagnant as it slowly drains into the garden at Los Pinos.

Appendix D: The first part of the grey water system at the Monteverde Institute: (1) a mesh filter
that collects solids, (2) a second trench that allows for separation of fats and oils; (3) a third
trench that gives the water more time for separation. One of the two large tanks where the
kitchen water mixes with the bathroom grey water and undergo sedimentation filtration.

	
  

Assessment of greywater parameters throughout treatment sites

Arriaga

18
	
  

Appendix E: The first half of the biogarden, where I tested. Number 5 is the beginning and
number 6 is the ending. A close up of the pipes of the biogarden where the water was tested.

Appendix F: The YSI 556 Multi-Probe System, a device used to calculate various parameters in
a liquid solution.
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Appendix G: An example of the measuring strip used to determine the width of the grease or
soap band. 	
  

	
  

	
  

Appendix H: Samples from day number two and six at Los Pinos Hotel. 	
  

	
  

Appendix I: Samples from day number two and six at the Monteverde Institute. 	
  
	
  

	
  

	
  

